Keywords: ankle fracture, operative treatment, complications, locking plate 3
Introduction
During the last decade locking compression plates (LCP) have hugely increased in popularity for the treatment of various fracture types. [1] [2] [3] LCPs have proven clinically useful especially in preserving periosteal blood-supply, minimally invasive use, and in poor bone quality (osteoporosis) or bridging-properties in bone-loss. 4 Currently, locking
plates are most frequently applied in distal radius, proximal humerus, distal femur, tibia plateau, proximal and distal tibia, and other peri-articular or periprosthetic fractures. 1 They are used in order to create stable fixations, allowing for early range of motion exercise. 1 Research reports on the in vitro biomechanical properties of LCP or comparing two different plate-types for strength and load-to-failure are abundantly available. 1 However, outcome after clinical use is mainly restricted to case series with one or more fracturetypes without control group. 1 The number of in vivo studies comparing locking with non-locking plates in a single fracture type is limited. [5] [6] [7] [8] [9] These studies show no definite improvement of outcome or radiographic parameters at final follow-up with the use of locking plates. [5] [6] [7] [8] [9] At our institution, a Level-2 trauma center and teaching hospital, locking plates were introduced and used in ankle fractures since 2006. To date, there are no studies which compare the complication rates in isolated ankle fractures in which the distal fibula fractures were treated with LCP or conventional non-locking plates. As complications might affect outcome and increase costs, the primary aim of the current study was to assess post-operative infection rates of LCP versus one-third tubular (non-locking 5 plates) for the treatment of isolated distal fibular fractures. The secondary aims were comparing reduction accuracy and time-to-hardware-removal in both groups.
Patients and Methods
This is a retrospective study of all consecutive patients, between 
Operative technique
All patients received antibiotic prophylaxis according to hospital protocol (third generation cephalosporin). The use of a tourniquet was based on surgeon's preferences.
Two different, non-precontoured, plate types were used; first a one-third tubular plate, stainless steel or titanium, with 3.5mm screws used as neutralization plate after precontouring, a lag screw was placed for interfragmentary fracture fixation when fracture-type allowed. Secondly, a small fragment (3.5mm) locking (compression) plate, titanium straight metaphyseal or reconstruction type, with angle-stable locking-screws was used ( Figure 1 ). The choice of implant was left at the discretion of the attending physician, as prior to this study no protocol on the usage of locking plates existed. Upon closure, the wound was washed-out with saline. Subcutis was closed using Vicryl ® and skin closure was performed using Ethylon ® . No drains were used.
Data analysis
The statistical analysis was performed using the Statistical Package for the Social 
Results
During the six year study period plating of the distal fibula was performed in 205 patients with an isolated closed ankle fracture. A total of 165 patients received a onethird tubular plate (131 stainless steel and 34 titanium) and 40 patients were treated with a locking compression plate (26 straight metaphyseal and 14 reconstruction). The patient, fracture, and operation characteristics are presented in Table 1 .
Both groups had similar patient characteristics. Median age was 48 years. Males and females were equally represented, and both left and right sides were equally affected. One-fifth of patients were smokers, and four percent were diagnosed with diabetes.
The fractures were almost exclusively Weber B and C types (76.1 and 22.4 percent respectively), and mostly unimalleolar (57.1%) or bimalleolar (28.8%). No statistical difference was found when comparing both treatment groups. The same holds true for AO-classification (data not shown), operation delay (7 days), and operation time (median 60 minutes), the use of a tourniquet (43.9%), and plate length (median 7 holes).
During the study period a total of 10 different surgeons (three trauma surgeons and seven general surgeons) performed the operations. This was similar in both groups. In 66.3% of cases the patient was operated on by a resident, supervised by one of the staffsurgeons. In 75.1% of cases, a trauma surgeon led or supervised the operation. In 18.8% of cases this was done by a general surgeon. This was similar in both groups.
There was a twofold increase in non-anatomical reductions in the locking plate group (8.3 versus 15%. This difference was not significant (p = 0.128).
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The wound complication rate for the entire group was 7.8 percent ( There was no difference between both groups in percentage of hardware removal (overall 27.3%) at follow-up. With a median of 7.8 months, the time to removal of hardware of locking plates was 2 months sooner than removal of conventional plates, however no statistical significance could be found.
Discussion
This is the first report of the comparison of conventional and locking plates for the treatment of isolated distal fibular fractures. A significant increase in wound complications was found in the current study, to the prejudice of the locking plate group.
A possible explanation might be the increased thickness of the locking plates (2.8 -3.3 mm) when compared to the one-third tubular plate (1.0 mm), even though the screwheads in the one-third tubular plates are more prominent (Figure 2 ).
Despite a 2-fold higher absolute rate of non-anatomic reductions in the locking-plate group, this was not significantly different from the control group. This could not be attributed to lack of statistical power, which exceeded 90%. Adequate reduction proves more difficult with LCPs compared to conventional non-locking plates. 12 Jiang et al.
identified an increase in malalignment in tibia plateau fractures with the use of locking plates. 8 This increase might be due to the thickness, and therefore less precontourable nature, of the plate. Reducing fractures 'on the plate' might also prove more difficult with a locking plate.
Plate removal was performed 2 months earlier in the locking-plate group because of prominent hardware or wound complication. The current study unfortunately lacked statistical power to make a definitive statement if this reflects true differences between both groups or not. A post-hoc power-analysis showed that a total of 660 controls and 160 LCPs would be necessary to answer this question with adequate power (i.e., alpha 0.05, power 0.8 and two-sided testing). Several of these comparative studies showed an increase in hardware irritation. [14] [15] However most studies report wound complications around 6 percent, which is comparable to the complication rate of the non-locking group in the current study [16] [17] This rate might be slightly higher than for the entire population of surgically treated ankle fractures, because of exclusion of patients treated with lagscrew and syndesmotic-screw only, which have known lower complications rates than plated fractures. 18 Moreover, the diagnosis wound-infection was made based upon clinical judgement, due to the retrospective nature of this study wound cultures could only occasionally be traced.
The use of a tourniquet was slightly lower in the LCP-group (32 versus 46 percent), which might be explained by the fact that these patients were preferentially operated by a trauma surgeon, whereas the non-LCP-group was operated more frequently by a general surgeon. In the multivariable analysis it was found that operations by the attending surgeon or a resident did not differ significantly in complication rate, even though they may have different soft tissue handling techniques. Studies comparing locking and non-locking plates in a single fracture type are scarce.
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Hahnloser et al. compared dorsally placed locking and non-locking plates in distal radial fractures and showed an overall significant increase in complications associated with the use of locking plates. 6 Two studies concerning proximal humeral fractures reported similar complication rates in both the locking and non-locking groups. 7, 9 Koshimune et al. did not report on complications in the two different groups. 5 In order to eliminate the possible influence of titanium versus stainless steel, complication rates in the one-third tubular group, which consisted of 131 stainless steel and 34 titanium non-LCP's, were further investigated. In the stainless steel subgroup 4 minor complications occurred. In the titanium subgroup three minor and 2 major complications were seen. This difference was not statistically different. Difference in complications between the metaphyseal and reconstruction plate were also not seen. In both cases this is probably due to the lack of power. No literature on differences in infection rates between stainless steel or titanium plates could be found.
Even though this study has a retrospective design, and choice of plates was left at the discretion of the attending surgeon, there is currently little data on the use of locking plates in distal fibular fractures. No previous studies on wound complications in distal fibular fractures with the use of locking plates could be found in the literature. One case report was identified in which a non-union occurred after intramedullary nailing of a tibia and a concomitant locking plate fixation of a fibular fracture. 21 The only two studies concerning the use of locking plates in isolated distal fibular fractures that have been published to date are on the biomechanical comparison of locking plates versus conventional plating; both failed to show a greater 'torque to failure' and construct stiffness for the locking plates.
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Conclusion
The use of locking plates for the treatment of isolated distal fibular fractures is associated with a statistically significant increase in both overall wound complications and major wound complications compared with the use of conventional plating. In light of the current study and findings from the literature, we would caution against the application of the currently used locking compression plates in the treatment of distal fibular fractures. More recently developed low profile locking plates might combine the locking facilities without the bulkiness, which might be the underlying cause of the significant increased infectious complications. These newer plates will also have to undergo thorough clinical investigation. 
